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Biological systems

Nuclear receptors Cytochrome P450 enzymes



Endogenous ligands

« small (volume = 250-350 A3)

* rigid

* highly hydrophobic

 polar groups predominantly
at the ends

selective for very potent ligand

molecules (nM

2 2 nM (AR) 385 nM (AR)

not selective for moderate-
binding ligand molecules (uM):
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6 uM (AR) 11 uM (AR)

triiodothyronine (TR) 1,25-dihydroxy vitamin D5 (VDR)



Receptor-mediated toxicity

Drugs/Chemicals

] Ralann

Binding




NR & P450

NR induce CYP genes

[ lovastatin ./ PXR/ RXR

SXR




Specific factors

[compound] > O NR
Affinity Affinity
o Activity
Bind d
Inding moae (Agonism/Antagonism)
Reactivity
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Prediction of binding affinities

BIG challenge: Predict binding affinities in reasonable amount of time

Docking & Scoring

Predicted affinity
—log(1Cs)

5 6 7 8 9
Experimental affinity

—10og(ICs)

~1min

Simulations (FEP)

Predicted affinity
—log(1Cy)

| | | |
5 6 7 8 9

Experimental affinity
—log(ICs)

Computing time 1day - 1week



Quantification of binding affinities

Docking
o) o Binding modes
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Alignment

Optimize
model

Predict
affinities
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Quantification of binding affinities

Docking
o) o Binding modes
AL —

O OH _
C Protein

modeling based

‘00 on QSAR

Issues: e 4
 No unique docking solution gl
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Bioactive conformation

Coumestrol
binding to the

estrogen
receptor



Quantification of binding affinities

Docking
o) o Binding modes
L —

O OH —7
c Protein

modeling based

‘00 on QSAR

Issues: s
» No unique docking solution Ua
* Induced protein fit
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Induced fit

HIV-1 RT with
nevirapine

1051U91

HEPT

Davis, A.M.; Teague, S.J. Angew. Chem. Int. Ed. 1999, 38, 736-749.



Quantification of binding affinities

Docking
o) o Binding modes

|O | #
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0 QSAR
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Issues: s
» No unique docking solution Ua
* Induced protein fit
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Flexible docking

1. Autodock ligand to binding site

|

2. Monte Carlo search (flexible
minimization & dynamic
solvation)

3. ldentify new binding mode

|

N best solutions — 4D data set



Quantification of binding affinities

Docking
o) o Binding modes

—

QSAR

Issues: %
» No unique docking solution Ua
* Induced protein fit
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Quasar

3D-QSAR: 5D-QSAR:
Simulation Ensemble of
based on iInduced-fit
3D scenarios
structures

4D-QSAR: Representation by an ensemble of conformations

Scoring function based on a directional force field and explicit
desolvation: AG =AE AG —TAS — AG, guceq i

force field solvation

Vedani, A.; Dobler, M.; Lill, M.A. J. Med. Chem. 48, 2005, 3700-3703.




Induced fit

Estrogen receptor

17B-estradiol

Raloxifene



Neuraminidase

Induced fit

Zanamavir

2.
dihydropyran-
phenethyl-
propyl-
carboxamide
(2-PPC)



Raptor

Dual-shell representation | Adaptation due to ligand properties
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Lill, M.A.; Vedani, A.; Dobler, M. J. Med. Chem. 2004, 47, 6174-6186.




Raptor

Dual-shell representation

to ligand properties

Adaptation due

T
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Scoring function based on hydrophobicity and hydrogen
bonding AG = AGconst +AGHPhob +AGHBond _AGinduced fit —TAS

Lill, M.A.; Vedani, A.; Dobler, M. J. Med. Chem. 2004, 47, 6174-6186.
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Applications

a N

Nuclear receptors
 Estrogen receptors
* Androgen receptor
 Thyroid receptors
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Estrogen receptor

116 substances
8 substance classes

H
IS

DES and related compounds

steroids
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Estrogen receptor
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Androgen receptor

steroids

119 compounds
6 substance classes DES and related compounds

diphenylmethanes

cCl,

phenols

AT T

organochlorines




Androgen receptor
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Lill, M.A.; Winiger, F.; Vedani, A.; Ernst, B. J. Med. Chem. 2005, 48, 5666-5674.




Androgen receptor
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Lill, M.A.; Winiger, F.; Vedani, A.; Ernst, B. J. Med. Chem. 2005, 48, 5666-5674.




Applications
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Cytochrome P450 3A4
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Cytochrome P450 3A4

/Automated Docking

* ‘on-the-fly’ solvation

~

» protein & ligand flexibility

)

; 1

[ Binding modes

|

PN

[ Metabolites }

Quantification of binding affinitie
using multi-dimensional QSAR

SJ

1

[Drug-drug interaction}




Cytochrome P450 3A4

amiodarone:

N-deethylation

diltiazem:

N-demethylation

dapsone:

N-hydroxylation

quinine:

3-hydroxylation



Cytochrome P450 3A4

Different binding modes

terfenadine




Cytochrome P450 3A4

48 compounds q? =0.825 p? = 0.659
(192 representations) %

©
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Lill, M.A.; Dobler, M.; Vedani, A. ChemMedChem 2006, 1, 73-81.
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Current directions

Current limitations and research directions

* Flexibility during docking limited to side-chain motion



Specific factors

[compound] > O NR
Affinity Affinity
o Activity
Bind d
Inding moae (Agonism/Antagonism)
Reactivity



Agonism/Antagonism

Helix 12 (Movie)

But raloxifene both

And small changes in HF -> agonism/antagonism

+ Guy

Pike, A.C.W. Best Pract. Res. Clin. Endocrinol. Metab . 2006, 20, 1-14.



Agonism/Antagonism

Androgen receptor

hydroxyflutamide R-3
CE N& CF; N)VBr
i H OH = OH
agonist

antagonist
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